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BOE UIVNC NPWFNFOUT
&BDI TVCKFDU IBE  FMFDUSPEFT BUUBDIFE UP UIFJS GPSFBSN BOE
VQQFS BSN JO PSEFS UP NFBTVSF T&.( TJHOBMT 5IF  FMFDUSPEFT
XFSF QMBDFE JO TVDI B XBZ UIBU TPNF FMFDUSPEFT QSPWJEFE EFOTF
5"#-&  ] %FTDSJQUJPO PG UIF  GPSDF QBUUFSOT
 .PWFNFOU EFTDSJQUJPO
'o' 'MFYJPO PG MJUUMF UISPVHI UP JOEFY GJOHFST
'' "CEVDUJPO'MFYJPO PG UIF UIVNC
' 'MFYJPO PG UIF JOEFY BOE MJUUMF GJOHFS
' 'MFYJPO PG UIF SJOH BOE NJEEMF GJOHFS
' 'MFYJPO PG UIF JOEFY GJOHFS BOE UIF UIVNC
TBNQMJOH XIJMF PUIFST UBSHFUFE TQFDJGJD NVTDMFT &JHIU FMFDUSPEFT
	o
 XFSF FRVBMMZ TQBDFE BSPVOE UIF GPSFBSN BU UIF IFJHIU PG
UIF SBEJPIVNFSBM KPJOU POF FMFDUSPEF FBDI XBT QMBDFE PO UIF
GJOHFS FYUFOTPS 	
 BOE GMFYPS 	
 NVTDMFT BOE PO UIF CJDFQT
	
 BOE USJDFQT 	
 TFF 'JHVSF  4JY %P' GPSDF NFBTVSFNFOUT
XFSF DPOTJEFSFE GMFYJPO PG UIF GJWF EJHJUT 	MJUUMF SJOH NJEEMF
JOEFY BOE UIVNC
 BMPOH XJUI BCEVDUJPO PG UIF UIVNC 5IFTF GPSDF
TJHOBMT XFSF DPMMFDUFE CZ XBZ PG B 'JOHFS'PSDF -JOFBS 4FOTPS
	''-4
 	,ÜJWB FU BM 
 &BDI TVCKFDU XBT BTLFE UP QSPEVDF
B TFU PG OJOF GPSDF QBUUFSOT HJWFO JO 5BCMF  CZ QSFTTJOH EPXO
XJUI POF PS NPSF EJHJUT PG UIF EPNJOBOU IBOE JO SFTQPOTF UP BO
FYUFSOBM TUJNVMVT &BDI GPSDF QBUUFSO XBT SFQFBUFE TJY UJNFT BOE
B SFTU QFSJPE XBT FOGPSDFE JO CFUXFFO FBDI NPWFNFOU BOE FBDI
SFQFUJUJPO JO PSEFS UP QSFWFOU NVTDMF GBUJHVF .PSF JOGPSNBUJPO
BOE EFUBJM SFHBSEJOH UIF TFUVQ BOE EBUB DPMMFDUJPO DBO CF GPVOE JO
(JKTCFSUT FU BM 	
 /JO 	

5IF EBUB QSFQSPDFTTJOH TUFQT FNQMPZFE JO UIJT BSUJDMF GPMMPX UIF
TUFQT QSPQPTFE JO (JKTCFSUT FU BM 	
 TJODF B CFODINBSL GPS
GPSDF SFHSFTTJPO PO UIF /JOB1SP EBUB IBT CFFO TFU 5IF EBUB XBT
GJSTU TQMJU JOUP B USBJOJOH BOE UFTUJOH TFU CBTFE PO UIF SFQFUJUJPO PG
NPWFNFOUT UIF TFDPOE BOE GJGUI SFQFUJUJPO GPS FBDI NPWFNFOU
XFSF VTFE GPS UFTUJOH BOE UIF GPVS SFNBJOJOH SFQFUJUJPOT XFSF
VTFE GPS USBJOJOH "MM UIF EBUB XFSF UIFO TUBOEBSEJ[FE UP CF [FSP
NFBO BOE VOJU WBSJBODF VTJOH TUBUJTUJDT DBMDVMBUFE TPMFMZ GSPN UIF
USBJOJOH TFU
" DPNNPO QSBDUJDF VTFE JO TNPPUIJOH T&.( TJHOBMT JT UP
GJSTU TFHNFOU UIF TJHOBM JOUP PWFSMBQQJOH XJOEPXT BOE GFBUVSFT
BSF UIFO FYUSBDUFE GSPN FBDI XJOEPX 5IF T&.( TJHOBMT XFSF
TBNQMFE BU )[ BOE GPMMPXJOH PO GSPN (JKTCFSUT FU BM 	

XJOEPXT PG NT 	 TBNQMFT
 XJUI B TMJEJOH XJOEPX JODSF
NFOU PG NT 	 TBNQMFT
 XFSF VTFE 'PS DPNQVUBUJPOBM GFBTJ
CJMJUZ UIF USBJOJOH TFU XBT TVCTBNQMFE CZ B GBDUPS PG  	BU SFHVMBS
JOUFSWBMT
 SFTVMUJOH JO BQQSPYJNBUFMZ  EBUB QPJOUT GPS USBJOJOH
5IF TVCTBNQMF SBUF VTFE IFSF JT TMJHIUMZ IJHIFS UIBO UIBU VTFE
CZ (JKTCFSUT FU BM 	
 GPS SFHSFTTJPO BOBMZTJT CVU QSFMJNJOBSZ
BOBMZTJT JOEJDBUFE UIBU B IJHIFS TVCTBNQMF SBUF BDIJFWFE B CFUUFS
QFSGPSNBODF 5IF.P&NPEFM JT USBJOFE VTJOH UIF FYUSBDUFE T&.(
GFBUVSFT BT JOQVUT UP UIF NPEFMJOH BMHPSJUIN
1SFMJNJOBSZ SFTVMUT VTJOH NVMUJWBSJBUF .P& GPS GPSDF SFHSFTTJPO
BMMVEFE UP MPXEJNFOTJPOBM '& SFQSFTFOUBUJPOT PVUQFSGPSNJOH
IJHI EJNFOTJPOBM '&T 	#BMEBDDIJOP FU BM 
 5IVT DPNNPOMZ
VTFE MPX EJNFOTJPOBM UJNFEPNBJO '&T GPS T&.( TJHOBMT BSF
DPOTJEFSFE JO UIJT XPSL TFF 5BCMF  "MM UIF '&T DPOTJEFSFE IBWF
EJNFOTJPOBMJUZ FRVBM UP UIF OVNCFS PG T&.( DIBOOFMT 	JO UIJT
DBTF 
 "MM UIF '&T FYDFQU GPS '*-5 XFSF QFSGPSNFE PO UIF
XJOEPXFE EBUB BT PVUMJOFE JO UIF QSFWJPVT QBSBHSBQI 'PS '*-5
'& B [FSPQIBTF TFDPOEPSEFS MPX QBTT #VUUFSXPSUI GJMUFS XJUI
B DVUPGG GSFRVFODZ PG )[ XBT BQQMJFE UP UIF GVMM XBWF SFDUJGJFE
T&.( EBUB TFQBSBUFMZ GPS UIF USBJOJOH BOE UFTU EBUBTFUT *O PSEFS
'SPOUJFST JO #JPFOHJOFFSJOH BOE #JPUFDIOPMPHZ ] XXXGSPOUJFSTJOPSH 'FCSVBSZ  ] 7PMVNF  ] "SUJDMF 
#BMEBDDIJOP FU BM #BZFTJBO 'JOHFS .PWFNFOU WJB T&.(
5"#-&  ] " UBCMF TIPXJOH UIF EJGGFSFOU '&T VTFE PO FBDI DIBOOFM PG UIF T&.( EBUB BOBMZ[FE JO UIJT BSUJDMF
'FBUVSF FYUSBDUJPO 	'&
 %FGJOJUJPO 	QFS DIBOOFM
 3FGFSFODFT
.FBO BCTPMVUF WBMVF 	."7
 Y = /X
∑/X
O= |˜YO| )VEHJOT FU BM 	
 )BSHSPWF FU BM 	
 "SUFNJBEJT BOE ,ZSJBLPQPVMPT 	

BOE ,V[CPSTLJK FU BM 	

8BWFGPSN MFOHUI 	8-
 Y =∑/XO= |˜YO − Y˜O−| )VEHJOT FU BM 	
 )BSHSPWF FU BM 	
 "SUFNJBEJT BOE ,ZSJBLPQPVMPT 	

BOE ,V[CPSTLJK FU BM 	

3PPU NFBO TRVBSF 	3.4
 Y =
(

/X
∑/X
O= Y˜O
)  (JKTCFSUT FU BM 	
 BOE )BIOF FU BM 	

#VUUFSXPSUI GJMUFS 	'*-5
 4FF UFYU "U[PSJ FU BM 	
 BOE -FO[J FU BM 	

5IF FYUSBDUFE GFBUVSFT BSF EFOPUFE CZ Y XIJDI BSF DPNQVUFE GSPN UIF XJOEPXFE T&.( TJHOBM Y˜ PG MFOHUI /X 5IF i3FGFSFODFTw DPMVNO QSPWJEFT SFGFSFODFT GSPN UIF CJPNFEJDBM
SPCPUJDT BOE FYPTLFMFUPOT MJUFSBUVSF XIFSF UIF EJGGFSFOU UZQFT PG '&T IBWF CFFO JNQMFNFOUFE
UP PCUBJO B TJNJMBS OVNCFS PG EBUB QPJOUT UP UIF PUIFS '& EBUBTFUT
UIJT EBUBTFU XBT TVCTBNQMFE BU SFHVMBS JOUFSWBMT PG  TBNQMFT
 .VMUJWBSJBUF #BZFTJBO .JYUVSF PG
&YQFSUT
5IF POMZ JOTUBODF PG BO .P& NPEFM BQQMJFE UP NZPQSPTUIFUJD
DPOUSPM BQQFBST JO )BIOF FU BM 	
 GPS SFHSFTTJPO BOBMZTJT
PG XSJTU NPWFNFOUT 5IF NPEFM XBT MJNJUFE UP UXP FYQFSUT BOE
USBJOFE VTJOH JUFSBUJWF SFXFJHIUFE MFBTU TRVBSFT TFQBSBUFMZ GPS FBDI
%P' *O 4FDUJPO  B TPQIJTUJDBUFE .P& JT EFGJOFE XIJDI JT
DBQBCMF PG BDDPNNPEBUJOH VOMJNJUFE %P'T BOE BDIJFWJOH BOB
MZUJDBM VQEBUF TPMVUJPOT 5IF .P& NPEFM TUSVDUVSF VTFE JO UIJT
BSUJDMF GPMMPXT UIF XPSL PG 6FEB BOE (IBISBNBOJ 	
 BOE
GVSUIFS EFWFMPQFE JO #BMEBDDIJOP FU BM 	
 5IJT QBSUJDVMBS
DIPJDF PG.P&NPEFMXBT BEPQUFE GPS UXP SFBTPOT USBDUBCMF DMPTFE
GPSN VQEBUF FRVBUJPOT GPS UIF QBSBNFUFST BSF PCUBJOFE BOE JU JT
FBTJMZ FYUFOEFE UP BDDPNNPEBUF NVMUJWBSJBUF PVUQVUT 5IFTF UXP
DIBSBDUFSJTUJDT SFEVDF UIF DPNQVUBUJPOBM FGGPSU EVSJOH UIF USBJOJOH
QIBTF SFTVMUJOH JO GBTU USBJOJOH UJNFT 5IF NPEFM VTFE JO UIJT
BSUJDMF JT UIVT SFGFSSFE UP BT UIF NVMUJWBSJBUF #BZFTJBO.P&NPEFM
4JODF B #BZFTJBO BQQSPBDI UP USBJOJOH UIFNPEFM JT FNQMPZFE QSJPS
EJTUSJCVUJPOT GPS UIF SBOEPN WBSJBCMFT OFFE UP CF TQFDJGJFE BOE
UIFTF BSF HJWFO JO 4FDUJPO 
 .VMUJWBSJBUF .P& 3FHSFTTJPO .PEFM
5IF EZ %P' GPSDF TJHOBM ZO = [ZO, . . . , ZE
Z
O ] BU UJNF JOTUBOU O DBO
CF SFQSFTFOUFE CZ B .P& NPEFM XJUI. SFHSFTTJPO FYQFSUT HJWFO
CZ
ZO =
.∑
J=
HJ(YO, θHJ )GJ(YO,8J), 	

XIFSF YO = [YO, . . . , YEYO ] JT UIF EY EJNFOTJPOBM JOQVU WFDUPS
DPOTJTUJOH PG UIF FYUSBDUFE T&.( GFBUVSFT 5IF JUI HBUJOH GVODUJPO
HJ	·
 JT B OPSNBMJ[FE (BVTTJBO GVODUJPO HJWFO CZ
HJ (YO, πJ, θHJ ) = πJN
(YO|µJ,Λ−J )∑.
M= πMN
(YO|µM,Λ−M ) , 	

XIFSF θHJ = [µJ,ΛJ] µ = {µJ}.J= JT UIF NFBO BOE Λ− =
{Λ−J }.J= JT UIF DPWBSJBODF NBUSJY pi = {πJ}.J= BSF UIF NJYJOHDPFGGJDJFOUT TBUJTGZJOH πJ≥  BOE ∑.J= πJ =  HJ(YO, πJ, θHJ ) JTUIF QPTUFSJPS DPOEJUJPOBM QSPCBCJMJUZ UIBU YO JT BTTJHOFE UP UIF
QBSUJUJPO DPSSFTQPOEJOH UP UIF JUI FYQFSU
5IF JUI QBSBNFUSJD FYQFSU GVODUJPO GJ	YO8J
 EFTDSJCFT UIF
SFMBUJPOTIJQ CFUXFFO UIF T&.( TJHOBMT BOE UIF GPSDF BQQMJFE BU
UIF GJOHFSUJQT 5IJT GVODUJPO JT SFTUSJDUFE UP CF B MJOFBS WFDUPS
TVDI UIBU GJ(YO,8J) = 8⊤J [YO ] 	 SFQSFTFOUT B CJBT UFSN

BOE 8J JT B (EY + ) × EZ NBUSJY DPSSFTQPOEJOH UP UIF XFJHIUT
BTTPDJBUFE XJUI FBDI T&.( TJHOBMT BOE FBDI%P' GPSDF TJHOBM 5IF
QSPCBCJMJUZ EJTUSJCVUJPO Q(ZO|YO, θFJ ) PG UIF JUI FYQFSU JT UBLFO UP CFB NVMUJWBSJBUF (BVTTJBO EJTUSJCVUJPO IBWJOH NFBO GJ	YO8J
 BOE
DPWBSJBODF χ−J  HJWFO CZ
Q(ZO|YO, θFJ ) = N
(
ZO|8′J [YO ], χ−J
)
, 	

XIFSF θFJ = [8J, χJ] 8 = {8J}.J= JT UIF NVMUJEJNFOTJPOBM
QBSBNFUFS XFJHIU NBUSJY BOEχ− = {χ−J }.J= JT UIF DPWBSJBODFNBUSJY
5IF TFU PG VOLOPXONPEFM QBSBNFUFST GPS UIF NPEFM FYQSFTTFE
JO 	
 JT HJWFO CZ <piΘ>= <pi θH θF> (JWFO UIBU/ USBJOJOH EBUB
QPJOUT BSF BWBJMBCMF UIFO UIF KPJOU MJLFMJIPPE PG UIF GJOHFS GPSDF
BOE T&.( TJHOBMT JT FYQSFTTFE BT
Q(:,9|pi,Θ) =
/∏
O=
.∑
J=
πJN
(
YO|µJ,Λ−J
)
︸ ︷︷ ︸
H˜J
×N
(
ZO|8′J [YO ], χ−J
)
, 	

XIFSF 9 = [Y, . . . , Y/] ∈ R/×EY  BOE : = [Z, . . . , Z/] ∈
R/×E
Z  5IF HBUJOH OFUXPSL H˜J JT B (BVTTJBO NJYUVSF NPEFM
	(..
 BOE JU EJWJEFT UIF T&.( JOQVU TQBDF JOUP TFQBSBUF (BVT
TJBO DMVTUFST )FODF DMVTUFSJOH 	VOTVQFSWJTFE DMBTTJGJDBUJPO
 JT
QFSGPSNFEVTJOH(..T BOE(..TIBWF CFFO QSFWJPVTMZ BQQMJFE
UP IBOE NPWFNFOUT BT B NFBOT PG QFSGPSNJOH DMBTTJGJDBUJPO XJUI
NJOJNBM DPNQVUBUJPOBM DPNQMFYJUZ XIFO DPNQBSFE UP TVQFSWJTFE
MFBSOJOH DMBTTJGJFST 	$IBO BOE &OHMFIBSU 
 5IF GPSN PG UIJT
HBUF SFTVMUT JO TJOHVMBSJUJFT XIFO NBYJNVN MJLFMJIPPE JT VTFE
EVF UP BO JMMEFGJOFE MJLFMJIPPE GVODUJPO 	UIJT DBVTFT B NJYUVSF
DPNQPOFOU UP DPMMBQTF POUP B TJOHMF EBUB QPJOU 	#JTIPQ 


IFODF GVSUIFS KVTUJGZJOH UIF VTF PG B #BZFTJBO BQQSPBDI JO UIJT
BSUJDMF &YQSFTTJOH UIF MJLFMJIPPE BT JO FRVBUJPO 	
 FOGPSDFT TPGU
DPNQFUJUJPO CFUXFFO UIF FYQFSUT TVDI UIBU POMZ POF FYQFSU XJMM
CF EPNJOBOU JO B DFSUBJO SFHJPO PG UIF JOQVU TQBDF 	+BDPCT FU BM

 TFF 'JHVSF 
%JTDSFUF MBUFOU JOEJDBUPS WBSJBCMFT ; = {[OJ}.,/J=,O= ∈ R/×.
BSF JOUSPEVDFE TVDI UIBU JG 	YO ZO
 XBT HFOFSBUFE GSPN UIF JUI
FYQFSU UIFO [OJ=  FMTF JU JT  -BUFOU WBSJBCMFT BSF JOUSPEVDFE JO
PSEFS UP TJNQMJGZ FYQSFTTJPO 	
 TJODF UIF TVN PWFS . FYQFSUT JT
'SPOUJFST JO #JPFOHJOFFSJOH BOE #JPUFDIOPMPHZ ] XXXGSPOUJFSTJOPSH 'FCSVBSZ  ] 7PMVNF  ] "SUJDMF 
#BMEBDDIJOP FU BM #BZFTJBO 'JOHFS .PWFNFOU WJB T&.(
Gate M } GatingNetwork 
Expert 1
Expert M
Expert 2Input x Output y 
Gate 1
Gate 2
'*(63&  ] .JYUVSF PG FYQFSUT NPEFM XJUI TPGU DPNQFUJUJPO XIFSFCZ POMZ POF FYQFSU JT BDUJWF BU BOZ HJWFO UJNF 5IJT FYQFSU JT DIPTFO QSPCBCJMJTUJDBMMZ WJB UIF HBUJOH
GVODUJPO
DIBOHFE UP B QSPEVDU PWFS . 5IVT UIF DPNQMFUFEBUB MJLFMJIPPE
DBO CF XSJUUFO BT
Q(9,:,;|pi,Θ) =
/∏
O=
.∏
J=
(
πJN
(
YO|µJ,Λ−J
)
×N
(
ZO|8J′[YO ], χ−J
))[OJ
, 	

XIJDI JT BO FRVJWBMFOU SFQSFTFOUBUJPO PG 	
 JODPSQPSBUJOH BO
FYQMJDJU MBUFOU WBSJBCMF
 1SJPST
$POKVHBUF QSJPST BSF BTTJHOFE UP BMM UIF QBSBNFUFST FYDFQU GPS
UIF NJYJOH DPFGGJDJFOUT pi 	XIJDI BSF USFBUFE BT OPOSBOEPN
WBSJBCMFT
 5IF QSJPST VTFE IFSF GPMMPX PO GSPN UIF #BZFTJBO
MJUFSBUVSF
5IF (BVTTJBO8JTIBSU QSJPS JT VTFE GPS UIF NFBO µ BOE
QSFDJTJPO Λ PG UIF HBUJOH (.. HJWFO CZ
Q(µ,Λ) =Q(µ|Λ)Q(Λ)
=
.∏
J=
N
(
µJ|N, (βΛJ)−
)
W(ΛJ|#, ν), 	

XIFSF # JT B EY Y EY TZNNFUSJD QPTJUJWF EFGJOJUF NBUSJY BOE
W> EYo JT UIF OVNCFS PG EFHSFFT PG GSFFEPN PG UIF 8JTIBSU
EJTUSJCVUJPO 4JNJMBSMZ UIF QSJPS EJTUSJCVUJPO PG UIF KPJOU T&.(
XFJHIUT 8 BOE QSFDJTJPO NBUSJY χ GPS UIF MJOFBS SFHSFT
TPS FYQFSUT JT HJWFO CZ B NBUSJY/PSNBM8JTIBSU EJTUSJCVUJPO
FYQSFTTFE BT
Q(8,χ|B) =
.∏
J=
MN
(
8J|,"−J , χ−J
)
×W(χJ|2, λ), 	

XIFSF ./ JT UIF NBUSJY/PSNBM EJTUSJCVUJPO 5IF NBUSJY "J =
EJBH(BJ,, . . . , BJ,EY+) BOE JU JT BTTJHOFE UIF GPMMPXJOH IZQFSQSJPS
EJTUSJCVUJPO
Q(BJ,K) = GB(BJ,K|D, E). 	

5IF QBSBNFUFS"J JODPSQPSBUFT BVUPNBUJD SFMFWBODF EFUFSNJOB
UJPO 	"3%
 TJODF FBDI JOQVU T&.(TJHOBM IBT BO BTTPDJBUFE BJK UIBU
GPSNT QBSU PG UIF WBSJBODF PG UIF JUI FYQFSU XFJHIUT EJTUSJCVUJPO
	.BD,BZ 
 "3% BVUPNBUJDBMMZ JNQPTFT DPOEJUJPOT TVDI UIBU
JG B−J,K =  UIFO UIF DPSSFTQPOEJOH T&.( TJHOBM YK XJMM IBWF MJUUMFFGGFDU PO UIF GPSDF
5IF KPJOU EJTUSJCVUJPO PG BMM UIF SBOEPN WBSJBCMFT DBO CF
FYQSFTTFE IJFSBSDIJDBMMZ BT
Q(:,9,;,µ,Λ,8,χ, B|pi)
= Q(:,9|;,pi,Θ)Q(;|pi)Q(µ,Λ)Q(8,χ|B)Q(B), 	

XIFSF B= 	B. . .B.
 *O PSEFS UP TJNQMJGZ UIF BTTJHONFOU PG
IZQFSQBSBNFUFS WBMVFT GPS UIF QSJPS EJTUSJCVUJPOT UIF FYUSBDUFE
GFBUVSF EBUBTFU XBT BHBJO TUBOEBSEJ[FE UP [FSPNFBO BOE VOJU WBSJ
BODF 5IJT BMMFWJBUFT UIF JTTVF PG BTTJHOJOH IZQFSQBSBNFUFS WBMVFT
SFNPWJOH UIF OFFE UP QFSGPSN IZQFSQBSBNFUFS PQUJNJ[BUJPO 5IF
IZQFSQBSBNFUFS WBMVFT XFSF TFU BDDPSEJOHMZ TP BT UP EFGJOF CSPBE
QSJPSTN JT TFU VTJOH ,NFBOT β=  #= * BOE W= EY GPS
UIF HBUFT BOE 2= * λ= EZ D=  BOE E=  GPS UIF
FYQFSUT
 7BSJBUJPOBM #BZFTJBO 'SBNFXPSL
(JWFO UIF NVMUJWBSJBUF .P& BOE QSJPST EJTUSJCVUJPOT GPS UIF SBO
EPN WBSJBCMFT EFTDSJCFE JO UIF QSFWJPVT TFDUJPOT B MFBSOJOH BMHP
SJUIN JT OFFEFE UP USBJO UIF NPEFM "O BQQSPYJNBUF #BZFTJBO
GSBNFXPSL JT EFTJSFE JO PSEFS UP GJOE UIF QPTUFSJPS EJTUSJCVUJPO
PG UIF QBSBNFUFST Q	ΘB]:
 5IF NBSHJOBM MJLFMJIPPE Q	:
 	XIJDI
BQQFBST JO UIF EFOPNJOBUPS PG #BZFT UIFPSFN
 JT BOBMZUJDBMMZ
JOUSBDUBCMF EVF UP B NVMUJEJNFOTJPOBM JOUFHSBM PWFS UIF QBSBN
FUFS TQBDF 5IF DIPJDF PG DPOKVHBUFFYQPOFOUJBM EJTUSJCVUJPOT
BMPOH XJUI B MBUFOU WBSJBCMF NPEFM JT FMFHBOUMZ BDDPNNPEBUFE CZ
UIF WBSJBUJPOBM #BZFT FYQFDUBUJPONBYJNJ[BUJPO 	7#&.
 GSBNF
XPSL *O TIPSU UIF 7#&. BMHPSJUIN GPSNT B MPXFS CPVOE PG
UIF NBSHJOBM MJLFMJIPPE XIJDI JT NBYJNJ[FE JUFSBUJWFMZ TP BT UP
PCUBJO B UJHIU CPVOE %FUBJMFE JOGPSNBUJPO SFHBSEJOH UIF 7#&.
'SPOUJFST JO #JPFOHJOFFSJOH BOE #JPUFDIOPMPHZ ] XXXGSPOUJFSTJOPSH 'FCSVBSZ  ] 7PMVNF  ] "SUJDMF 
#BMEBDDIJOP FU BM #BZFTJBO 'JOHFS .PWFNFOU WJB T&.(
BMHPSJUIN DBO CF GPVOE JO #FBM 	
 BOE #FBM BOE (IBISBNBOJ
	

4JODF DPOKVHBUF QSJPST GPS UIF NPEFM QBSBNFUFST XFSF VTFE UIF
GVODUJPOBM GPSN PG UIF WBSJBUJPOBM EJTUSJCVUJPOT XJMM UIVT CF UIF
TBNF BT UIF QSJPST 5IF PQUJNBM WBSJBUJPOBM EJTUSJCVUJPOT BSF OPUFE
CFMPX BOE FYQSFTTFE BT R	·
 5IF 7#.TUFQ VQEBUF FRVBUJPOT BSF
HJWFO JO 	
	
 XIJMF UIF 7#& FRVBUJPOT GPS UIF MBUFOU WBSJBCMFT
; BSF TIPXO JO FRVBUJPT 	
o	
 5IF FRVBUJPOT HJWFO IFSF BSF
TJNJMBS UP UIF POFT EFUBJMFE JO #BMEBDDIJOP FU BM 	
 IPXFWFS
TPNF FRVBUJPOT IBWF CFFO NPEJGJFE UP DBUFS GPS UIF NVMUJWBSJBUF
PVUQVU GPSDF TJHOBMT
5IF KPJOU WBSJBUJPOBM QPTUFSJPS EJTUSJCVUJPO PG UIF HBUFT NFBO
BOE DPWBSJBODF JT B (BVTTJBO8JTIBSU EJTUSJCVUJPO HJWFO CZ
R∗(µJ,ΛJ) = N
(
µJ|NJ, (βJΛJ)−
)
W(ΛJ|#J, νJ), 	

XIFSF
NJ = βN +
∑/
O= SOJYO
βJ
, βJ = β + /J,
#−J = #− +
/∑
O=
SOJYOY′O + βNN′ − βJNJN′J
νJ = ν + /J, /J =
/∑
O=
SOJ, SOJ = E[[OJ]. 	

5IF KPJOU WBSJBUJPOBM QPTUFSJPS EJTUSJCVUJPO PG UIF FYQFSU GVOD
UJPOT NFBO BOE DPWBSJBODF JT B NBUSJY/PSNBM8JTIBSU EJTUSJCV
UJPO IBWJOH UIF GPMMPXJOH GPSN
R∗(8J, χJ) =MN
(
8J|8ˆJ, χ−J , -J
)
W(χJ|λJ,2J), 	

XIFSF
8ˆJ = -J[9 /×]′7J:
-J = ([9 /×]′7J[9 /×] + ΥJ)−
7J = EJBH(E[[J], . . . ,E[[/J])
λJ = λ + /J
2−J = 2− + :′7J:− 8ˆ′J(9′7J9+ΥJ)8ˆJ. 	

5IF UFSN ΥJ=E["J] JT EFGJOFE JO FRVBUJPO 	
 5IF WBSJB
UJPOBM EJTUSJCVUJPO GPS UIF "3% QBSBNFUFST JT
R∗(BJ,K) = GB(BJ,K|DJ, EJ,K), 	

XIFSF
DJ = D + .EZ, EJ,K = E + .ξJ,K
ξJ,K = EZ(-J)K,K + λJXˆJ,K2JXˆ′J,K, 	

XIFSF 	-J
KK JT UIF KUI EJBHPOBM FMFNFOU PG -J BOE XˆJ,K ∈ R×EZ
JT UIF KUI SPX PG 8ˆJ 6TJOH UIF TUBUJTUJD PG B NFBO GSPN B (BNNB
EJTUSJCVUJPO UIFO
ΥJ = E["J] = EJBH
( DJ
EJ, , . . . ,
DJ
EJ,EY+
)
. 	

5IF 7#&TUFQ DPOTJTUT PG VQEBUJOH UIF WBSJBUJPOBM EJTUSJCVUJPO
PG ; BOE UIF SFMFWBOU FRVBUJPOT BSF MJTUFE CFMPX 5IF WBSJBUJPOBM
EJTUSJCVUJPO GPS UIF MBUFOU JOEJDBUPS WBSJBCMFT GPMMPXT B NVMUJOP
NJBM EJTUSJCVUJPO TVDI UIBU
MO R∗(;) =
/∑
O=
.∑
J=
[OJ MO SOJ BOE SOJ = γOJ∑.
M= γOM
, 	

γOJ = πJFYQ
{

(
MO ΛˆJ + MO χˆJ −ϖOJ − ξOJ
)}
. 	

5IF UFSNT SFRVJSFE JO FRVBUJPO 	
 BSF
MO Λ˜J = E[MO |ΛJ|]
=
EY∑
K=
ψ
(
νJ + − K

)
+ EY MO + MO |#J|,
MO χ˜J = E[MO |χJ|]
=
EZ∑
K=
ψ
(
λJ + − K

)
+ EZ MO + MO |2J|, 	

ϖOJ = 5S(E[ΛJ]E[(YO −µJ)(YO −µJ)′])
= νJ(YO −NJ)#J(YO −NJ)′ + β−J EY,
ξOJ = 5S(E[χJ]E[(ZO − [YO ]8J)(ZO − [YO ]8J)′])
= λJ(ZO − [YO ]8ˆJ)2J(ZO − [YO ]8ˆJ)′
+ EZ[YO ]′-J[YO ].
XIFSF ψ	·
 JT UIF EJHBNNB GVODUJPO
5IF VQEBUF FRVBUJPO GPS UIF NJYJOH DPFGGJDJFOUT JT PCUBJOFE
CZ NBYJNJ[JOH UIF WBSJBUJPOBM MPXFS CPVOE XJUI SFTQFDU UP UIF
NJYJOH DPFGGJDJFOUT 5IF VQEBUF FRVBUJPO JT HJWFO CZ
πJ =

/
/∑
O=
SOJ. 	

5IF FRVBUJPO HJWFO BCPWF XBT VTFE UP EFUFSNJOF UIF OVNCFS
PG NJYUVSFT JO (..T 	$PSEVOFBOV BOE #JTIPQ 
 BOE JU XBT
MBUFS FYUFOEFE UP B .P& GSBNFXPSL JO #BMEBDDIJOP FU BM 	

6TJOH 	
 BOZ TVSQMVT FYQFSUT XJMM IBWF UIFJS πJ ESJWFO UP [FSP
FGGFDUJWFMZ SFNPWJOH UIFN GSPN UIF NPEFM 5IJT FRVBUJPO OFFET
UP CF JOUFSMFBWFE JOUP UIF JUFSBUJWF QSPDFEVSF TJODF 	
 EFQFOET
POpi 'PMMPXJOH PO GSPN QSFWJPVT BVUIPST UIF NJYJOH DPFGGJDJFOUT
BSF VQEBUFE BGUFS B QBTT PG UIF WBSJBUJPOBM QPTUFSJPS EJTUSJCVUJPO
VQEBUF FRVBUJPOT 5IF FRVBUJPOT QSFTFOUFE JO UIJT TFDUJPO BSF
TVNNBSJ[FE JO "MHPSJUIN 
 1PTUFSJPS 1SFEJDUJWF %JTUSJCVUJPO
5IF QPTUFSJPS QSFEJDUJWF EJTUSJCVUJPO BMMPXT POF UP QFSGPSN QSF
EJDUJPOT PG UIF PVUQVU GPSDF TJHOBMT UP OFX VOTFFO T&.( TJHOBMT
5IJT EJTUSJCVUJPO BMTP HJWFT JOGPSNBUJPO SFHBSEJOH UIF WBSJBODF PG
UIF QSFEJDUJPOT BOE UIVT DPOGJEFODF CPVOET DBO CF DBMDVMBUFE
5IF QPTUFSJPS QSFEJDUJWF EJTUSJCVUJPO JT FYQSFTTFE BT Q(ZO′ |YO′ ,D)
'SPOUJFST JO #JPFOHJOFFSJOH BOE #JPUFDIOPMPHZ ] XXXGSPOUJFSTJOPSH 'FCSVBSZ  ] 7PMVNF  ] "SUJDMF 
#BMEBDDIJOP FU BM #BZFTJBO 'JOHFS .PWFNFOU WJB T&.(
"-(03*5).  ] .VMUJWBSJBUF 7#&. .P&
*OJUJBMJ[F UIF IZQFSQBSBNFUFST
 (.. HBUFT N β # BOE ν
 -JOFBS FYQFSUT ρ λ D E BOE Υ()J = DE *EY ∀ J
 *OJUJBMJ[F γ()OJ ∼ U [, ] ∀J O
GPS L=  TUPQQJOH DSJUFSJB
7#.TUFQ
 &WBMVBUF NJYJOH DPFGGJDJFOUT pi	L
 VTJOH 	

 6QEBUF UIF HBUF QBSBNFUFST VTJOH 	

 6QEBUF UIF FYQFSU QBSBNFUFST VTJOH 	
 	
 BOE 	

7#&TUFQ
 6QEBUF GPS MBUFOU WBSJBCMFT ; VTJOH 	
o	

FOE GPS
XIFSF D= <:9> BOE O′ = / +  JT UIF OFX EBUB QPJOU 'PS
UIF NJYUVSF PG FYQFSUT EFTDSJCFE JO UIJT BSUJDMF UIF QSFEJDUJWF
EJTUSJCVUJPO JT HJWFO CZ
Q(ZO′ |YO′ ,D) =
.∑
J=
ΩJ,O′T
(ZO′ ∣∣[YO′ ]8ˆJ, κJΣJ, κJ) 	

XIFSF {ΩJ,O′}.J= UBLF WBMVF  XJUI QSPCBCJMJUJFT
{H."1J,O′ }.J=
SFTQFDUJWFMZ H."1J,O′ = HJ(YO′ , πJ, θHJ."1) VTJOH 	
 BU UIF NBYJNVNB QPTUFSJPSJ 	."1
 FTUJNBUFT θH."1 = {µ."1,Λ."1} PCUBJOFEGSPN UIF QPTUFSJPS EJTUSJCVUJPO 	
 BOE UIF GJOBM WBMVF GPS pi
"U BOZ HJWFO UJNF O′ POMZ POF {ΩJ,O′}.J= DBO CF  	UIF SFTU
BSF [FSP
 DPSSFTQPOEJOH UP UIF HBUF XJUI UIF MBSHFTU QSPCBCJMJUZ
T ([YO′ ]8ˆJ, κJΣJ, κJ) JT B NVMUJWBSJBUF 4UVEFOUU EJTUSJCVUJPO
XJUI κJ=λJ− EZ+  EFHSFFT PG GSFFEPN NFBO [YO′ ]8ˆJ BOE
TDBMF NBUSJY κJΣJ XIFSF ΣJ = 2J(+ [YO′ ]′-J[YO′ ])− 5IF
SFMFWBOU TUBUJTUJDT GPS QSFEJDUJPO BSF
E[ZO′ ] =
.∑
J=
ΩJ,O′ [YO′ ]8ˆJ,
DPW[ZO′ ] =
.∑
J=
ΩJ,O′
Σ−J
κJ −  . 	

 *NQMFNFOUBUJPO
5IF NVMUJWBSJBUF 7#&. .P& BMHPSJUIN HJWFO JO "MHPSJUIN 
XBT USBJOFE PO UIF T&.(GPSDF EBUB GSPN BMM  TVCKFDUT BOE BMM
UIF  GPSDF TJHOBMT XFSF USBJOFE UPHFUIFS 5IF HBUF EJWJTJPOT PO UIF
JOQVU TQBDF BSF DPNNPO UP BMM UIF PVUQVUT 4JODF NPWFNFOUT BOE
B SFTU QFSJPE CFUXFFO SFQFUJUJPOT BOE NPWFNFOUT BSF DPOTJEFSFE
IFSF UIF BMHPSJUIN JT JOJUJBMJ[FE XJUI  FYQFSUT 5IF BMHPSJUIN
XBT SVO  UJNFT XJUI SBOEPN JOJUJBMJ[BUJPO GPS γ BOE N TP BT
UP BWPJE UIF MPDBM NBYJNB QSPCMFN 5IF NPEFM XJUI UIF MBSHFTU
MPXFS CPVOE XBT DIPTFO BT CFJOH UIF CFTU NPEFM UP SFQSFTFOU
UIF EBUB 5IF BMHPSJUIN XBT SVO GPS BMM UIF '& SFQSFTFOUBUJPOT
MJTUFE JO 5BCMF  BOE B DPNQBSJTPO CFUXFFO UIFN JT DPOTJEFSFE JO
4FDUJPO 
 4FOTJUJWJUZ "OBMZTJT
*O UIJT BSUJDMF UIF BVUIPST BQQMZ 4" UFDIOJRVFT XJUI UIF JOUFOUJPO
PG BTTFTTJOH UIF JNQPSUBODF PG UIF OVNCFS PG FMFDUSPEFT UP UIF
QFSGPSNBODF PG UIF NPEFMJOH GSBNFXPSL *OUFSFTUFE SFBEFST BSF
SFGFSSFE UP 4BMUFMMJ FU BM 	 
 GPS BO JOEFQUI FYQMPSBUJPO PG
4" )FSF UIF SFHSFTTJPOCBTFE HMPCBM 4" UFDIOJRVF EFWFMPQFE JO
9V BOE(FSUOFS 	
 JT BQQMJFE TJODF UIJTNFUIPE BDDPNNPEBUFT
DPSSFMBUFE JOQVU TJHOBMT 5IF DPOUSJCVUJPO PG BO JOEJWJEVBM T&.(
TJHOBM UP UIF WBSJBODF PG UIFNPEFM GPSDF PVUQVU7K JT EFDPNQPTFE
JOUP UXPQBSUT UIF VODPSSFMBUFE DPOUSJCVUJPO76K XIJDI EFTDSJCFT
WBSJBUJPOT VOJRVF UP B T&.( JOQVU YK XIJDI BSF JOEFQFOEFOU PG
UIF PUIFS T&.( JOQVUT BOE DPSSFMBUFE DPOUSJCVUJPO 7$K XIJDI
FYQMBJOT WBSJBUJPOT PG BO T&.( JOQVU YK XIJDI BSF DPSSFMBUFE XJUI
PUIFS T&.( TJHOBMT 	9V BOE (FSUOFS 

7K = 76K + 7$K. 	

5IJT EJTDSJNJOBUJPO CFUXFFO VODPSSFMBUFE BOE DPSSFMBUFE DPO
USJCVUJPOT IJHIMJHIUT SFTQFDUJWFMZ JG UIF T&.( JOQVU JUTFMG EPNJ
OBUFT PS JG UIF DPSSFMBUFE WBSJBUJPOT BNPOH UIF T&.( TJHOBMT EPN
JOBUF 5IF UISFF JOEJDFT GPVOE JO FRVBUJPO 	
 DBO CF DBMDVMBUFE
VTJOH UIF SFHSFTTJPOCBTFE 4" FRVBUJPOT GPVOE JO 9V BOE (FSUOFS
	
 5IF GJOBM JOEJDFT PG JOUFSFTU BSF UIF GJSTUPSEFS TFOTJUJWJUZ
JOEJDFT HJWFO CZ UIF UPUBM 4K VODPSSFMBUFE 46K BOE DPSSFMBUFE 4$K
DPOUSJCVUJPOT PG T&.( JOQVU YK TVDI UIBU
4K = 7K7 , 46K =
76K
7 , 4$K =
7$K
7 , 	

XIFSF 7 = /MIT
∑
O (ZO − Z¯) JT UIF FTUJNBUFE WBSJBODF PG UIFGPSDF PVUQVU BOE Z¯ JT UIF NFBO PG UIF GPSDF TJHOBM " -BUJO
IZQFSDVCF TBNQMJOH 	-)4
 QSPDFEVSF JT VTFE UP HFOFSBUF /MIT
SBOLDPSSFMBUFE TBNQMFT GPS 9 GSPN XIJDI UIF PVUQVU {Z}/MITO=DBO CF HFOFSBUFE VTJOH UIF GJOBM .P& NPEFM 5IF -)4 TUSBUFHZ
VTFE IFSF GPMMPXT UIBU HJWFO JO *NBO BOE $POPWFS 	
 TJODF
JU UBLFT JOUP BDDPVOU UIF DPSSFMBUJPOT CFUXFFO UIF JOQVUT XIFO
HFOFSBUJOH TBNQMFT 6TJOH UIF TFOTJUJWJUZ JOEJDFT HJWFO JO FRVBUJPO
	
 FYBNJOBUJPO PG TQVSJPVT T&.( TJHOBMT JT QPTTJCMF TJODF UIFZ
XJMM BGGFDU UIF GPSDF PVUQVU POMZ EVF UP UIFJS TUSPOH DPSSFMBUJPOT
XJUI PUIFS TJHOJGJDBOU T&.( JOQVUT 	UIBU JT UIFZ XJMM IBWF B WFSZ
MPX 46K DPNQBSFE UP 4$K
 5IF SFHSFTTJPOCBTFE 4" BQQSPBDI
SFMJFT PO BO BQQSPYJNBUF MJOFBS SFMBUJPOTIJQ CFUXFFO UIF T&.(
TJHOBMT BOE UIF GPSDF 5IJT JT OPU B CBE BTTVNQUJPO GPS UIF EBUB VTFE
JO UIJT BSUJDMF TJODF JO (JKTCFSUT FU BM 	
 BO BWFSBHF 3= 
XBT BDIJFWFE GPS B MJOFBS NPEFM VTJOH 3.4 '&
 3&46-54
5IF NVMUJWBSJBUF #BZFTJBO .P& BMHPSJUIN GPS TJNVMUBOFPVT
SFHSFTTJPODMBTTJGJDBUJPO XBT BQQMJFE UP UIF QSPCMFN PG QSFEJDUJOH
GJOHFS GPSDF EZOBNJDT BOE DMBTTJGZJOH GJOHFS NPWFNFOUT GSPN UIF
/JOBQSP EBUBTFU 5IF SFTVMUT BSF SFQPSUFE IFSF XJUI B DPNQBS
BUJWF FWBMVBUJPO BHBJOTU QSFWJPVT SFTVMUT 	(JKTCFSUT FU BM 

GJSTUMZ UIF SFTVMUT PG GJOHFS GPSDF SFHSFTTJPO BSF QSFTFOUFE BOE
TFDPOEMZ DMBTTJGJDBUJPO -BTUMZ 4" JT QFSGPSNFE JO PSEFS UP BTTFTT
UIF JNQPSUBODF PG UIF FMFDUSPEFT DPOUSJCVUJPO UP UIF PVUQVU GPSDF
TJHOBMT
 'JOHFS 'PSDF 3FHSFTTJPO 6TJOH 5FTU
%BUB
5IF QFSGPSNBODF PG UIF GJOBM SFHSFTTJPO NPEFMT JT BOBMZ[FE
VTJOH UIF OPSNBMJ[FE SPPU NFBO TRVBSF FSSPS 	/3.4&
 NFBTVSF
'SPOUJFST JO #JPFOHJOFFSJOH BOE #JPUFDIOPMPHZ ] XXXGSPOUJFSTJOPSH 'FCSVBSZ  ] 7PMVNF  ] "SUJDMF 
#BMEBDDIJOP FU BM #BZFTJBO 'JOHFS .PWFNFOU WJB T&.(
HJWFO CZ
/3.4& =
√
(//)∑/O= (ZO − ZˆO)
ZNBY − ZNJO , 	

BOE UIF DPFGGJDJFOU PG EFUFSNJOBUJPO 	3
 HJWFO CZ
3 = −
∑
O (ZO − ZˆO)∑
O (ZO − Z¯)
. 	

XIFSF ZˆO JT UIF NPEFM QSFEJDUFE PVUQVU BU UJNF JOTUBODF O BOEZ¯ JT UIF NFBO PG Z 5IFTF UXP TUBUJTUJDT XFSF DIPTFO CFDBVTF PG
UIFJS XJEF VTF CZ UIF CJPSPCPUJDT BOE SFIBCJMJUBUJPOQSPTUIFUJDT
DPNNVOJUJFT JO BTTFTTJOH UIF RVBMJUZ PG UIFJS NPEFMT
Force DoF
N
R
M
SE
 (%
)
0
1
2
3
4
5
6
7
8  
Little Ring Middle Index Thumb
Abduction
Thumb
Flexion
MAV
WL
RMS
FILT
'*(63&  ] " QMPU PG /3.4& BWFSBHFE PWFS UIF  TVCKFDUT GPS UIF  %P'
5IF FSSPS CBST JOEJDBUF VOJU 4%
5IF BWFSBHF OPSNBMJ[FE SPPU NFBO TRVBSF FSSPS 	/3.4&
 GPS
FBDI GPSDF %P' BDSPTT BMM TVCKFDUT JT QMPUUFE GPS BMM UIF EJGGFSFOU
'&T JO 'JHVSF  "MM '&T QFSGPSN TJNJMBSMZ BOE MPX/3.4& WBMVFT
BSF SFDPSEFE 5IF NVMUJWBSJBUF 7#&. .P& BMHPSJUIN QFSGPSNT
DPOTJTUFOUMZ XFMM BDSPTT BMM TVCKFDUT TJODF UIF 4%T BTTPDJBUFE XJUI
FBDI %P' BSF TNBMM DPNQBSFE UP UIFJS NFBO WBMVFT 	JF UIF
DPFGGJDJFOUT PG WBSJBUJPO BSF PWFSBMM MFTT UIBO 
 'PDVTJOH PO UIF
'*-5 '& BT CFJOH GBJSMZ UZQJDBM UIF CFTU SFTVMUT BSF PCUBJOFE GPS UIF
UIVNC BCEVDUJPO GPSDF TJHOBM 	± 
 XIJMF UIF XPSTU SFTVMU
JT GPS UIF UIVNC GMFYJPO GPSDF TJHOBM 	± 
 1SFEJDUJPO PG
MJUUMF SJOH NJEEMF BOE JOEFY GMFYJPO GPSDF TJHOBMT IBWF TJNJMBS
QFSGPSNBODF
'JHVSF  TIPXT UIF BWFSBHF /3.4& GPS BMM TVCKFDUT 	BWFSBHFE
PWFS UIF  %P' GPSDF BDUJWBUJPOT
 GPS FBDI '& JODMVEJOH VOJU
4% 	HJWFO CZ UIF CMBDL WFSUJDBM MJOFT
 5IF QFSGPSNBODF PG UIF
BMHPSJUIN JT GBJSMZ DPOTJTUFOU BDSPTT BMM TVCKFDUT XJUINPTU TVCKFDUT
BDIJFWJOH B MFWFM PG /3.4& CFMPX  4VCKFDU  GPS."7IBT UIF
XPSTU PWFSBMM /3.4& PG ±  XIJMF 4VCKFDU  QFSGPSNT
UIF XPSTU GPS UIF PUIFS '&T 5IF CFTU SFTVMUT XFSF BDIJFWFE CZ
4VCKFDU  GPS 8- BOE 4VCKFDU  GPS ."7 IBWJOH BO /3.4&
PG ±  BOE ±  SFTQFDUJWFMZ 	4VCKFDU  IBT UIF
XPSTU /3.4& GPS 3.4 BOE '*-5
 5IFNFBO 	PWFS BMM %P' BOE BMM
TVCKFDUT
 BOE DPSSFTQPOEJOH VOJU 4% GPS CPUI /3.4& 	HJWFO CZ
SFE BOE CMBDL IPSJ[POUBM MJOFT JO 'JHVSF 
 BOE 3 BSF SFQPSUFE JO
5BCMF  0WFSBMM UIF '*-5 '& IBT UIF CFTU QFSGPSNBODF XJUI UIF
PUIFS '&T IBWJOH WFSZ TJNJMBS QFSGPSNBODF
5"#-&  ] "WFSBHF 3 BOE /3.4& JODMVEJOH  4%
'FBUVSF UZQF "WFSBHF 3 "WFSBHF /3.4&
."7 ± ±
8- ± ±
3.4 ± ±
'*-5 ± ±
'*(63&  ] " QMPU PG BWFSBHF /3.4& GPS UIF NPEFM PCUBJOFE GPS FBDI TVCKFDU GPS BMM '&T 	Y
 BMPOH XJUI ± 4% 	CMBDL FSSPS CBST
 5IF SFE EBTIFE MJOF SFQSFTFOUT UIF
NFBO /3.4& XIJMF UIF IPSJ[POUBM CMBDL EBTIFE MJOFT SFQSFTFOU ± 4% GSPN UIJT NFBO
'SPOUJFST JO #JPFOHJOFFSJOH BOE #JPUFDIOPMPHZ ] XXXGSPOUJFSTJOPSH 'FCSVBSZ  ] 7PMVNF  ] "SUJDMF 
#BMEBDDIJOP FU BM #BZFTJBO 'JOHFS .PWFNFOU WJB T&.(
F1 F2 F3 F4 F5 F6 F7 F8 F9
N
R
M
SE
 (%
)
0
1
2
3
4
5
6 MAV
WL
RMS
FILT
Force Pattern
'*(63&  ] " QMPU PG UIF BWFSBHF /3.4& GPS FBDI JOEJWJEVBM GPSDF QBUUFSO
5IF FSSPS CBST JOEJDBUF VOJU 4%
5P JOWFTUJHBUF UIF QFSGPSNBODF PG UIF NPEFMT PO FBDI PG UIF
 GPSDF QBUUFSOT UIF BWFSBHF /3.4& QFS QBUUFSO JT TIPXO JO
'JHVSF  4JNJMBS UP UIBU SFQPSUFE JO(JKTCFSUT FU BM 	
 QBUUFSOT
JOWPMWJOH UIF JOEJWJEVBM BDUJWBUJPO PG UIF GPVS GJOHFST 	''
 BSF
BMM DIBSBDUFSJ[FE CZ TMJHIUMZ CFUUFS QFSGPSNBODF PWFSBMM 	JF CZ
/3.4& WBMVFT BSPVOE 
 5IF SFNBJOJOH NPWFNFOUT 	'o'

IBWF B TMJHIUMZ XPSTF QFSGPSNBODF 	CFUXFFO  BOE 
 FTQF
DJBMMZ UIPTF NPWFNFOUT JOWPMWJOH GMFYJPO PG UIF UIVNC 	' BOE
'
 UIJT JT DPOTJTUFOU XJUI UIF SFTVMUT TIPXO JO 'JHVSF  XIFSF
UIVNC GMFYJPO TIPXT UIF XPSTU /3.4& SFTVMU
 3FTVMUT GPS 4VCKFDU 
5IF SFTVMUT SFQPSUFE JO UIJT TFDUJPO DPODFSO 4VCKFDU  	TP BT UP
DPNQBSF UP (JKTCFSUT FU BM 	

 BOE UIF NPEFM PCUBJOFE XJUI
UIF 3.4 '& JT VTFE TJODF UIJT NPEFM IBT UIF MPXFTU /3.4& GPS
UIJT QBSUJDVMBS TVCKFDU
5IF UPQ QMPU PG 'JHVSF  TIPXT UIF QSFEJDUJPOT 	SFE
 PCUBJOFE
PO UIF UFTU EBUB 	CMVF
 GPS UIF GPVSUI GPSDF %P' 	JOEFY GMFYJPO

5IF TJHOBMT BSF QMPUUFE PO B CBDLHSPVOE PG DPMPST XIFSF FBDI DPMPS
DPSSFTQPOET UP B QBSUJDVMBS FYQFSU 5IF CMBDL EBTIFE MJOFT SFQSF
TFOU UIF  DPOGJEFODF JOUFSWBMT XIJDI BSF DBMDVMBUFE VTJOH 	

IFODF BSJTJOH OBUVSBMMZ GSPN UIF #BZFTJBO JOGFSFODF GSBNFXPSL
5IF DPOGJEFODF JOUFSWBMT WJTJCMZ FODMPTF NPTU PG UIF PCTFSWFE
EBUB 	CMVF
 5IF NPEFM QSFEJDUJPOT PG UIF GPSDF DMPTFMZ GPMMPX
UIF NFBTVSFE EBUB JOEJDBUJOH UIBU UIF NVMUJWBSJBUF .P& NPEFM
JT B TVJUBCMF NPEFM GPS QFSGPSNJOH GPSDF SFHSFTTJPO GSPN T&.(
TJHOBMT BU MFBTU TP GBS BT 4VCKFDU  JT DPODFSOFE
"O FRVBMMZ JOUFSFTUJOH SFTVMU JT UIF BTTJHONFOU PG FYQFSUT UP UIF
EBUB QPJOUT 5IF EJGGFSFOU NPWFNFOUT BSF JNNFEJBUFMZ JEFOUJGJFE
BT CFJOH TFQBSBUF EVF UP CFJOH BMMPDBUFE B EJGGFSFOU FYQFSU 	EFOPUFE
CZ B EJGGFSFOU DPMPS JO 'JHVSF 
 5IF FYQFSUT BMMPUUFE UP UIF
EJGGFSFOU NPWFNFOUT JO UIF USBJOJOH TFU BSF BMTP UIF TBNF POFT
VTFE JO UIF UFTU TFU GPS DPSSFTQPOEJOHNPWFNFOUT%FUBJMT PG FYQFSU
BTTJHONFOU BSF EJTDVTTFE GVSUIFS JO 4FDUJPO 
5IF QSFEJDUJPOT GPS BMM  %0' GPSDF NFBTVSFNFOUT PO UIF
UFTU EBUB JT TIPXO JO UIF CPUUPN QMPU PG 'JHVSF  "MM UIF GPSDF
NFBTVSFNFOU TJHOBMT BOE GPSDF QBUUFSOT BSF QSFEJDUFE XFMM XJUI
UIF QSFEJDUFE BOENFBTVSFE EBUB WJTJCMZ GPMMPXJOH UIF TBNF PWFSBMM
USFOET 5IF NPEFM FWFO MFBSOFE UIF JOWPMVOUBSZ OFHBUJWF GPSDFT
XIJDI XBT BMTP PCTFSWFE CZ (JKTCFSUT FU BM 	
 BOE UIFZ
BUUSJCVUF UIFTF GPSDFT UP TZOFSHJTUJD PS DPNQFOTBUPSZ NFDIBOJTNT
 'JOHFS .PWFNFOU $MBTTJGJDBUJPO
$MBTTJGJDBUJPO DBO CF TFFO BT B OBUVSBM CZQSPEVDU PG UIF 7#&.
.P& BMHPSJUIN QSFTFOUFE JO UIJT BSUJDMF 5IF MFBSOJOH BMHPSJUIN
DPOTJTUT PG TPGU DPNQFUJUJPO BNPOH UIF FYQFSUT TVDI UIBU POMZ
POF FYQFSU EPNJOBUFT JO EJGGFSFOU SFHJPOT PG UIF JOQVU TQBDF 5IF
EPNJOBOU FYQFSU JT QSPCBCJMJTUJDBMMZ DIPTFO CZ BTTFTTJOH UIF HBUFT
VTJOH 	

*OTJHIU JOUP UIF SFMBUJPO CFUXFFO UIF EJGGFSFOU GPSDF NPWFNFOUT
BOE UIF T&.( TJHOBMT JT PCUBJOFE WJB QSJODJQBM DPNQPOFOU BOBMZ
TJT 	1$"
 6TJOH 1$" PO UIF T&.( TJHOBMT UIF GJSTU UXP QSJODJQBM
DPNQPOFOUT DBO CF QMPUUFE BHBJOTU FBDI PUIFS XJUI UIF EJGGFSFOU
GPSDF QBUUFSOT FBDI UBLJOH PO B VOJRVF DPMPS BT TIPXO JO 'JHVSF 
*O UIJT QMPU UIF DPMVNOT JOEJDBUF  BOE  	 NPWFNFOUT QMVT
SFTU
 GPSDF QBUUFSOT SFTQFDUJWFMZ XIJMF UIF SPXT TIPX UIF FGGFDU
PG JODSFBTJOH UIF OVNCFS PG TVCKFDUT &WFO XIFO KVTU POF TVCKFDU
JT DPOTJEFSFE JODSFBTJOH UIF OVNCFS PG NPWFNFOUT SFTVMUT JO UIF
GPSDF QBUUFSOT IBWJOH MPUT PG PWFSMBQ IFODF NBLJOH JU IBSEFS UP
EJTUJOHVJTI CFUXFFO UIF EJGGFSFOU NPWFNFOUT 4JNJMBSMZ JODSFBT
JOH UIF OVNCFS PG TVCKFDUT BMTP SFTVMUT JO B MBSHF PWFSMBQ 5IJT
GJHVSF BMTP IJHIMJHIUT UIF IJHI WBSJBCJMJUZ JO UIF SFDPSEFE T&.(
TJHOBMT CFUXFFO TVCKFDUT BOE JU JT FYQFDUFE UIBU UIJT WBSJBCJMJUZ XJMM
CF SFGMFDUFE JO MBSHF EFWJBUJPOT JO DMBTTJGJDBUJPO QFSGPSNBODF )JHI
WBSJBCJMJUZ BNPOH TVCKFDUT XBT BMTP PCTFSWFE CZ"U[PSJ FU BM 	

GPS EJGGFSFOU IBOE NPWFNFOUT
" DPNNPO NFUSJD GPS BTTFTTJOH UIF RVBMJUZ PG UIF DMBTTJGJFS JT
UIF DMBTTJGJDBUJPO BDDVSBDZ XIJDI JT UIF QSPQPSUJPO PG DPSSFDUMZ
DMBTTJGJFE JOTUBODFT UP UIF UPUBM OVNCFS PG JOTUBODFT 5IF MFGUIBOE
QMPU JO 'JHVSF  TIPXT UIF BWFSBHF DMBTTJGJDBUJPO BDDVSBDZ GPS FBDI
GPSDF QBUUFSO XIFSF ' JT UIF SFTU QPTJUJPO GPS BMM UIF '&T "MM '&T
BDIJFWF TJNJMBS QFSGPSNBODF BOE NVMUJGJOHFS NPWFNFOUT IBWF B
MPXFS BDDVSBDZ NPSF JOGPSNBUJPO DBO CF PCUBJOFE CZ BOBMZ[JOH
UIF DPOGVTJPO NBUSJY HJWFO JO UIF UPQ QMPU PG 'JHVSF 
5IF DPOGVTJPO NBUSJY QSPGJMFT UIF NJTDMBTTJGJDBUJPO PG NPWF
NFOUT TJODF DPSSFDU QSFEJDUJPOT XPVME SFTVMU JO B EJTUJODU CMBDL
EJBHPOBM 	MFGU UP SJHIU
 XIJMF BOZ OPODMFBS PGGEJBHPOBM DFMMT BSF
JOEJDBUJWF PG NJTDMBTTJGJDBUJPOT 5IF UPQ QMPU JO 'JHVSF  TIPXT
UIBU UIF 7#&. .P& GSBNFXPSL JT DPOTJTUFOU JO DPSSFDUMZ DMBT
TJGZJOH NPWFNFOUT TJODF UIF EJBHPOBM JT QSPNJOFOU 5IF NPTU
DPOTQJDVPVT NJTDMBTTJGJDBUJPO JT HJWFO CZ UIF OPODMFBS GJSTU DPM
VNO JOEJDBUJOH UIBU BMM GPSDF QBUUFSOT BSF TPNFUJNFT NJTUBLFO
BT SFTU UIBU JT UIF BCTFODF PG NPWFNFOU 5IJT QIFOPNFOPO XBT
BMTP PCTFSWFE CZ ,V[CPSTLJK FU BM 	
 BOE UIFZ BUUSJCVUF UIJT
UP UIF EBUB DPOUBJOT SFTUUPNPWFNFOU TFHNFOUT XIJDI DBVTFT
BNCJHVJUZ BOE UIFTF TFHNFOUT BSF UFDIOJDBMMZ OFJUIFS SFTU OPS
OPOSFTU BOE XIFO XJOEPXJOH JT VTFE TPNF XJOEPXT JODMVEF
TFDUJPOT PG SFTU BOE OPOSFTU TBNQMFT BOE TP UIFTF TBNQMFT BSF
BHBJO OFJUIFS SFTU OPS OPOSFTU 'PS UIF '*-5 '& POMZ QPJOU  JT
WBMJE 	TJODF OP XJOEPXJOH JT VTFE
 BOE UIJT JT FOPVHI UP DPOGVTF
UIF BMHPSJUIN JOUP UIJOLJOH UIBU UIFTF SFHJPOT PG UIF EBUB BSF
BTTPDJBUFE XJUI OP NPWFNFOU *O $IBO BOE &OHMFIBSU 	
 JU
XBT SFQPSUFE UIBU UIJT UZQF PG FSSPS JT USFBUFE BT CFJOH BDDFQUBCMF
TJODF JU JT FYQFDUFE UIBU EVF UP NFDIBOJDBM JOFSUJB B QSPTUIFTJT
'SPOUJFST JO #JPFOHJOFFSJOH BOE #JPUFDIOPMPHZ ] XXXGSPOUJFSTJOPSH 'FCSVBSZ  ] 7PMVNF  ] "SUJDMF 
#BMEBDDIJOP FU BM #BZFTJBO 'JOHFS .PWFNFOU WJB T&.(
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'*(63&  ] 5PQ QMPU 1SFEJDUJPOT 	SFE
 WFSTVT PCTFSWFE EBUB 	CMVF
 JODMVEJOH  DPOGJEFODF JOUFSWBMT 	EBTIFE CMBDL
 PO UIF UFTU EBUB PG UIF GPVSUI %P' GPSDF
BDUJWBUJPO 5IF CBDLHSPVOE PG DPMPST SFQSFTFOUT UIF JOEJWJEVBM FYQFSUT BOE CMBDL WFSUJDBM MJOF JOEJDBUFT XIFO B NPWFNFOU TUBSUT #PUUPN QMPU " QMPU PG PCTFSWFE
	TPMJE
 BOE QSFEJDUFE 	EBTIFE
 GPSDFT GPS UIF TFDPOE BOE GJGUI SFQFUJUJPOT PG BMM OJOF GPSDF QBUUFSOT &BDI CPY SFQSFTFOUT B GPSDF QBUUFSO BOE FBDI DPMPS DPSSFTQPOET UP
B GPSDF NFBTVSFNFOU
'*(63&  ] 5XP QSJODJQBM DPNQPOFOUT PG UIF GJMUFSFE T&.( TJHOBMT TIPXJOH UIF FGGFDUT PG JODSFBTJOH UIF OVNCFS PG TVCKFDUT BOE GPSDF QBUUFSOT &BDI DPMPS
SFQSFTFOUT B EJGGFSFOU GPSDF QBUUFSO
XPVME OPU CF BCMF UP SFTQPOE UP USBOTJUPSZ NJTDMBTTJGJDBUJPOT *O
UIF MJUFSBUVSF SFHBSEJOH GJOHFS NPWFNFOUT DMBTTJGJDBUJPO UIF SFTU
QPTJUJPO JT FJUIFS JHOPSFE PS UIF T&.( EBUB TUSFBN JT TFHNFOUFE
JO TVDI B XBZ UIBU SFHJPOT PG BNCJHVJUZ BSF SFNPWFE GSPN UIF
USBJOJOH TFU
5IF SJHIU IBOE QMPU PG 'JHVSF  BOE UIF CPUUPN QMPU PG 'JHVSF 
TIPX UIF SFTVMUT XIFO POMZ TFDUJPOT PG UIF EBUB TFU BSF DPOTJEFSFE
XIFO DBMDVMBUJOH DMBTTJGJDBUJPO BDDVSBDZ UIBU JT FBDI NPWFNFOU
JT EJWJEFE JOUP UISFF FRVBMMZ TJ[FE TFHNFOUT BOE POMZ MBCFMT GSPN
UIF DFOUFS TFHNFOU XFSF SFUBJOFE 	OP SFUSBJOJOH XBT QFSGPSNFE

" IJHIFS BDDVSBDZ JT OPX BUUBJOBCMF TJOHMF GJOHFS NPWFNFOUT BOE
NVMUJGJOHFS NPWFNFOUT IBWF BO BWFSBHF BDDVSBDZ PG  BOE
 SFTQFDUJWFMZ
3FGFSSJOH CBDL UP UIF DPOGVTJPO NBUSJY QMPUT 	'JHVSF 
 HJWFT
VTFGVM JOTJHIU JOUP XIZ NVMUJGJOHFS NPWFNFOU BDIJFWFT MPXFS
BDDVSBDZ UIBO TJOHMF GJOHFS NPWFNFOU .PWFNFOU ' 	GMFYJPO PG
SJOH BOE NJEEMF GJOHFST
 IBT UIF MPXFTU DMBTTJGJDBUJPO BDDVSBDZ
GSPNBMMNPWFNFOUT 5IF BMHPSJUINNPTUMZNJTDMBTTJGJFE ' GPS UIF
DPSSFTQPOEJOH JOEJWJEVBM GJOHFS NPWFNFOUT PG ' 	GMFY SJOH
 BOE
' 	GMFY NJEEMF
 5IF TBNF USFOE JT PCTFSWFE XJUI NPWFNFOUT '
	GMFYJPO PG JOEFY BOE MJUUMF GJOHFST
 BOE ' 	GMFYJPO PG JOEFY GJOHFS
BOE UIVNC

'SPOUJFST JO #JPFOHJOFFSJOH BOE #JPUFDIOPMPHZ ] XXXGSPOUJFSTJOPSH 'FCSVBSZ  ] 7PMVNF  ] "SUJDMF 
#BMEBDDIJOP FU BM #BZFTJBO 'JOHFS .PWFNFOU WJB T&.(
'*(63&  ] "WFSBHF DMBTTJGJDBUJPO BDDVSBDZ GPS FBDI JOEJWJEVBM GPSDF QBUUFSO JODMVEJOH SFTU GPS FBDI PG UIF '&T MFGU VTJOH UIF DPOUJOVPVT EBUB SJHIU VTJOH UIF
TFHNFOUFE EBUB
 3FEVDJOH UIF /VNCFS PG &MFDUSPEFT
WJB 4"
5IF 4" QSPDFEVSF PVUMJOFE JO 4FDUJPO  JT BQQMJFE UP UIF EBUBTFU
VTJOH UIF GJOBM .P& NPEFM PCUBJOFE XJUI UIF '*-5 '& 	TJNJMBS
SFTVMUT XFSF PCUBJOFE VTJOH UIF PUIFSNPEFMT TP POMZ UIF SFTVMUT PG
POF '& BSF TIPXO IFSF
 "MM  T&.( TJHOBMT BSF USFBUFE BT JOEJ
WJEVBM JOQVUT BOE UIF 4" SFTVMUT SFWFBMFE UIBU UIF DPOUSJCVUJPOT PG
BMM UIF T&.( JOQVU TJHOBMT UP UIF WBSJBODF PG UIF GPSDF PVUQVUT BSF
NBJOMZ EVF UP UIF DPSSFMBUJPOT XJUI PUIFS JOQVUT TJODF BMM JOQVUT
IBE B MPX 46 JOEFY DPNQBSFE UP 4$ JOEFY
5IF 4" JT QFSGPSNFE BHBJO CVU UIJT UJNF UIF T&.( JOQVU TJHOBMT
BSF HSPVQFE BDDPSEJOH UP UIFJS FMFDUSPEF MPDBUJPO 5IVT UIF HSPVQT
DPNQSJTF PG FMFDUSPEFT o 	GPSFBSN
 o 	GJOHFS FYUFOTPS BOE
GMFYPS
 BOE o 	CJDFQT BOE USJDFQT
SFGFS UP 'JHVSF  5IF
UISFF TFOTJUJWJUZ JOEJDFT BWFSBHFE PWFS BMM  TVCKFDUT GPS BMM
UIF PVUQVU GPSDF TJHOBMT GPS UIFTF HSPVQT PG JOQVUT BSF TIPXO JO
'JHVSF  5IF 46 JOEFY GPS FMFDUSPEFT o JT OPX TJHOJGJDBOU
	BOE DPNQBSBCMF UP UIF 4$ JOEFY
 GPS NPTU PVUQVUT )FODF UIF
T&.( FMFDUSPEFT MPDBUFE BSPVOE UIF GPSFBSN BSF OFDFTTBSZ GPS
EFTDSJCJOH UIF SFMBUJPOTIJQ CFUXFFO GPSDF BU UIF GJOHFSUJQT BOE UIF
T&.( TJHOBMT CFDBVTF UIJT HSPVQ PG JOQVUT JOEJWJEVBM DPOUSJCV
UJPO JT JNQPSUBOU 5IF PUIFS  HSPVQT PG JOQVUT BSF BMNPTU FOUJSFMZ
EPNJOBUFE CZ UIFJS DPSSFMBUFE FGGFDU BOE TP UIFJS JOEJWJEVBM
DPOUSJCVUJPO JT MPX
5IF NVMUJWBSJBUF 7#&. .P& BMHPSJUIN XBT SVO BHBJO CVU
UIJT UJNF POMZ UIF  FMFDUSPEFT BSPVOE UIF GPSFBSN XFSF VTFE
BT JOQVUT UP UIF NPEFM 5IF QMPU TIPXO JO 'JHVSF  TIPXT
UIF QFSGPSNBODF PG UIF NPEFMT PO UIF SFEVDFE JOQVU TFU 	TPMJE
MJOFT
 WFSTVT UIBU PG UIF GVMM JOQVU TFU 	EBTIFE MJOFT
 GPS CPUI
SFHSFTTJPO BOE DMBTTJGJDBUJPO PWFS UIF EJGGFSFOU GPSDF QBUUFSOT 5IF
UPQ QMPU TIPXT UIF RVBMJUZ PG UIF NPEFMT GPS UIF GPSDF SFHSFTTJPO
HJWFO CZ UIF BWFSBHF /3.4& GPS UIF EJGGFSFOU GPSDF BDUJWBUJPOT
DPOTJEFSFE " TMJHIU EFHSBEBUJPO JO /3.4& JT PCTFSWFE GPS UIF
SFEVDFE JOQVU TFU 	BDSPTT BMM '&T
 IPXFWFS UIF NPEFMT BSF TUJMM
QFSGPSNJOH FYDFQUJPOBMMZ XFMM 5IF CPUUPN QMPU EFNPOTUSBUFT UIF
RVBMJUZ PG DMBTTJGZJOH UIF EJGGFSFOU GJOHFS NPWFNFOUT JODMVEJOH UIF
SFTU QPTJUJPO VTJOH UIF BWFSBHF DMBTTJGJDBUJPO BDDVSBDZ *O UIJT DBTF
UIF SFEVDFE TFU BOE GVMM TFU NPEFMT IBWF TJNJMBS QFSGPSNBODF XJUI
OP DMFBS XJOOFS
 %*4$644*0/
 3FHSFTTJPO
5IF SFTVMUT BOE PCTFSWBUJPOT PCUBJOFE GPS UIF GPSDF SFHSFTTJPO
VTJOH UIF NVMUJWBSJBUF 7#&. .P& BSF DPNQBSBCMF UP UIPTF
SFQPSUFE JO UIF MJUFSBUVSF GPS FYBNQMF 	$BTUFMMJOJ BOE ,ÜJWB 
(JKTCFSUT FU BM 
 1SFEJDUJPOT PG UIVNCNPWFNFOUT BSF XPSTF
UIBO GPS UIF PUIFS GJOHFST EVF UP OP T&.( BDUJWJUZ CFJOH SFDPSEFE
GSPN UIF NBKPSJUZ PG UIF UIVNC NVTDMFT TJODF UIFTF BSF MPDBUFE
BU UIF XSJTU 	BOE IFODF BSF OPU VTVBMMZ BWBJMBCMF PO UIF BNQVUFFT
TUVNQ
 	,ÜJWB FU BM  (JKTCFSUT FU BM 

*O UIF CFODINBSL TFU CZ (JKTCFSUT FU BM 	
 PWFSBMM 3
WBMVFT PG  BOE  GPS NBSHJOBM EJTDSFUF XBWFMFU USBOT
GPSN 	N%85
 BOE 3.4 SFTQFDUJWFMZ GPS B FYQχ LFSOFM SJEHF
SFHSFTTJPO XFSF SFQPSUFE 5IF SFTVMUT PG 5BCMF  JOEJDBUF UIBU UIF
7#&..P& BMHPSJUIN BDIJFWFT TJNJMBS QFSGPSNBODF UP UIBU HJWFO
JO (JKTCFSUT FU BM 	
 CVU XJUI UIF VTF PG B NVDI TJNQMFS '&
SFQSFTFOUBUJPO GPS T&.( TJHOBMT 5IF N%85 IBT B DPOTJEFSBCMZ
IJHIFS GFBUVSF EJNFOTJPOBMJUZ 	 JOQVUT
 UIBO UIF '&T DPOTJEFSFE
JO UIJT BSUJDMF 	 JOQVUT
 5IF VTF PG B MPX EJNFOTJPOBM '& BMMPXT
'SPOUJFST JO #JPFOHJOFFSJOH BOE #JPUFDIOPMPHZ ] XXXGSPOUJFSTJOPSH 'FCSVBSZ  ] 7PMVNF  ] "SUJDMF 
#BMEBDDIJOP FU BM #BZFTJBO 'JOHFS .PWFNFOU WJB T&.(
'*(63&  ] $POGVTJPO NBUSJY GPS UIF NPEFMT PCUBJOFE XJUI UIF '*-5 '& BWFSBHFE PWFS BMM  TVCKFDUT GPS BMM GPSDF QBUUFSOT JODMVEJOH SFTU 5IF SPXT SFQSFTFOU UIF USVF
DMBTT BOE FBDI DFMM DPSSFTQPOET UP UIF QSFEJDUJPO BDDVSBDZ PG FBDI DMBTT 5IF UPQ QMPU DPSSFTQPOET UP UIF DPOUJOVPVT EBUB XIJMF UIF CPUUPN QMPU DPSSFTQPOET UP
UIF TFHNFOUFE EBUB
GPS GBTUFS GFBUVSF DPNQVUBUJPO PG UIF XJOEPXFE T&.( TJHOBMT
DPNQBSFE UP UIF N%85 JO UIF QSFQSPDFTTJOH TUBHF 'BTUFS USBJO
JOH UJNFT BSF BMTP BDIJFWFE XIFO B TNBMMFS JOQVU EJNFOTJPO JT
VTFE JO BOZ BMHPSJUIN *U IBT BMTP CFFO TIPXO UIBU 5% GFBUVSFT
QFSGPSNFE CFUUFS UIBO GSFRVFODZ EPNBJO BOE 85T JO SFBMUJNF
BQQMJDBUJPOT 	&OHMFIBSU BOE )VEHJOT 

5IF/3.4& WBMVFT GPS FBDI GJOHFS GPSDF QBUUFSO BSF DPNQBSBCMF
UP UIPTF SFQPSUFE JO UIF MJUFSBUVSF TVDI BT 	$BTUFMMJOJ BOE ,ÜJWB
'SPOUJFST JO #JPFOHJOFFSJOH BOE #JPUFDIOPMPHZ ] XXXGSPOUJFSTJOPSH 'FCSVBSZ  ] 7PMVNF  ] "SUJDMF 
#BMEBDDIJOP FU BM #BZFTJBO 'JOHFS .PWFNFOU WJB T&.(
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'*(63&  ] 7BSJBODF DPOUSJCVUJPO GPS UIF TJY GPSDF TJHOBMT VTJOH SFHSFTTJPOCBTFE TFOTJUJWJUZ BOBMZTJT GPS DPSSFMBUFE JOQVUT 	VTJOH UIF .P& NPEFM PCUBJOFE XJUI '*-5
'&
 GPS HSPVQFE T&.( JOQVU TJHOBMT BWFSBHFE PWFS BMM  TVCKFDUT 5IF MBSHF 46 WBMVFT 	HSFFO
 JOEJDBUF UIBU UIF HSPVQ PG JOQVUT o JT JOGMVFOUJBM
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'*(63&  ] $PNQBSJTPO CFUXFFO UIF NPEFMT PCUBJOFE VTJOH BMM UIF FMFDUSPEFT 	EBTIFE
 BOE VTJOH UIF  FMFDUSPEFT BSPVOE UIF GPSFBSN POMZ 	TPMJE
 GPS  '&T 	."7
8- 3.4 BOE '*-5
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